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DEPARTMENT OF THE ARMY
ST. LOUIS DISTRICT, CORPS OF ENGINEERS

210 NORTH 12TH STREET
ST. LOUIS. MISSOURI 63101

SUBJECT: Cole Lake Dam Phase I Inspection B',port

This report presents the results of field inspection and evaluation
of the Cole Lake Dam:

it was prepared under the National Program of Inspection of Non-
Federal Dams.

This dam has been classified as unsafe, non-emergency by the
St. Louis District as a result of the application of the following

criteria:

1. Spillway will not pass 50 percent of the Probable Maximum

Flood.

2. Overtopping of the dam and/or erosion of the spillway could
result in failure of the dam.

3. Dam failure significantly increases the hazard to loss of
life downstceam.

BY: SIGNED 2NOV 1979
Chief. gioerf -Dlvi,,ion t e.....

A,,I',,VED 3Y: 2 NOV 1979
Colonel,, CE, District Enginceer Date
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PIIASF I REi"lRT

NATIONAL. OAM SAF'rrz P'RnflGPAM.

Name of Dam: Cole Lak- Dain

State Located: Mi-.-scikr

County Locat-d: Je f f (r-o n

S t r eam: Tiff Crook

Date of ln-;pect icn: 19 J,,ly 1 974j

ll Colo l70:t ln, wt; vi';uil ly u ,t y:~ipr

pers~anelof 'dor'ir !,Shi Fril, '-c. , CujI n--i -i-ni jrin t

3oi, M issou r i. '!'hr,'I aip ~ t hi , Y1p-t .irn w,-,:; to ')~ '

qnrol ondition At 'Iv, lai wit n ro!7p' t '',fr-t anri, ha.,;-d tipon

this inrspect, an an]l av~ii lahie cvits, rdetf-rmii if 1-he Oilm po!7(- a

hazardI to homan ii '-( or proper ty.

Th'e foil'owi nq -umml'r i ze tho- find i njs: of the vi:sua-l inspect ion

and the results; of eranhyd roloqic/hvyirvil ic inve-t iqation::,

performed under the d rpct icin of the, iinopect ion team. Bas.e-l on the

VISua.-l, inspect ion, the pre 3rt- qc'ner.-i phyfi,,fa] cndition ofr the dam

v; cons.idere- d to be unsa t i-factory. T h' tof, I I o)w j nq (Ie f ic ie-nc ie(s wer e

noticed(-i u r.n' the infr-q(ct i c and j rc ' n'; iderred to) havye an a'iverse

eff1:ect on the ov'trcal safty and future op-r at ion of the dam:

oeepaqo, ai:; evidenced iN !;-f, '4!nd and r;;nni uq water, w a

obs;ervec,( in the vicin fi' of the dlawn ;t eam toe o)f slope a t

the r iqht -:~l -) f thel dam. S-iyvii. w.-i,- -ili o not i cid

emor.jinj frt's the dowr. le-1- it i p-Ant aoethe- toe ol

a~lops, ,ewr the( center oif t-'' dinn. h'nroIsd

cou IA d('vf.lop inrto i:,)i nl 'oln] it, on ha can leoad -'o

tai lu re oif theif lam.



2. The downift ream face of th lnm and p r t i c ul I r 1y the uppe r

a reas of th (lain, have only a ;pair!- 7' ovyer )f Weel (s to

prevent. e ron ion of thea l ope- h'' !t or water runoff. The

emorgency sp i I way, , n ea)r thon :fleet ion, i5 in a s imil 1ar

state . All slpsand area-; sutljvct '-( ero!non by drainarle-

or Ilike ott low should he, thorouj;hly e ,voro,] by a durable

form of protection.

3. Port ion5: .f rho- downstreai ;' , ' th.' eo'nrretfe 2ill it the

principil spi I wa-y are ;;ove-r.-l'''ner't t,) fros iorn.

Th clowns trezsm endi of thi pavr-d I c -it eno ju7, hrlow

the co)ncrete s ill it- similarly unde' 'ut hy -rso t i7~

li 'e]'! Lhtli ,:*()Iiru u'd cro,! 1.'r- vie. For fI.-

Spillwav, ;il-, :ould esl in f'~' t ''the .;I

and/or fai luie s the embu-xnionat p ra';Lt clt'

4. A oa r'o wietp es :;i ''' ni, -h'?

cons ~ P el" for the princu p''iw;: e ' i

act as a harrier upon whi(h1 ) ' -rri-j dW,! -r -, n

rostric-ting in o;,eutflow i n flooding ? h

lake an(I pos;sille overtopping -)I the- dIjcm.

5. A Jens,, growth of smnall- tree' ind hru'sh roh-.trusts- the-

sp i llea;'ou wlet. hen inning at a po at ipp ro>Yi ma toI~ 100 iiotet

tx'lo"Cw the spi.liway cres;t. T'Phi irowth w..ill1 restrict flow

in thfe channelI that may result i n f 1c vi i n o)f the- area

ad Jacent to f-he downstream channel that includes- the troe of

th- darn. F] rod i nq of the arca ad j aceant. to the down!stream

si'Ie of the lam coulI b e detr inental t., th- 7,tabjility of

the e-mhans,.rertt

Anrr;'r'1 ag t-) thie cn teni i etf-irth i:- the rcommeonded

(jII idle inc's, t h mag a ni t Udle -f the- ;p illway *o' cI n fl I ood for thr- Col).-

l.~O:,,whic h Is .- njve as n7mal 1, in ! i -,' - l , n!f h igqh 1 1 a r.

po t rn,-. 31 ; st!-r -- Lfioid to ho a m i. nima oi )f on -- s;a f t- P rob able1

May vmum Flood ( PM?' . Cona il ernq tho f vtl th Ic a 1 larrge volimaC of

will or. hfloudo th.s dontra , 'io roi ttiv''ly n.trirow

in r t' Low in ti' I t roan wi Il he deep a nd w iii I ii velocities; -ind

;n?-,- '-ouinty li.g;w--i- 1 i r:- imned orato I'.' I ow t Iie- -aI e and sever I

rIwo 11 nqf: lie w ith in the pe leflood dian ie ?.ae , 'it 1 5,



recommfenled chat the ;pi 1 way for this dam or1 edfor the PMF,

The Prol rable Max muni Plot d(I (PMF) i a; t he f) t hiit, may he pe*t :

fromi the float sovei a com'n nat ion ot ctlt wa flt-i)rcnlo(ji-* and

hyd rologrjic -ondjt iona - tha, are roa!-onah y p. i in t he e rorfl

Res. ults of 6 tydroloq ic,/hyd!.lul t i- 'iaja -,i iniic-,V-d that the

exi t L rq a-p i I I wjyca, ' i C~a-itio kr, pa-..; 1. oit li r-:fi Iti nq

from a :-,Lirn ot' PMF m:)qtituode. 'The prhip, I! yd i w y ic a icqpi t.-

Ito pan; tW. Q K- twtf ow r(eau It1 nq from f it p-i L It c~n('-

y ea r f r le ric ) f 1--U oth ;1--i 1k'vt ri-' H -

a re cajal of paw a?.i 0 oul fo '-- r'.w IT:! a 7

1-rvevt -f thf, Pin' I a' ko- Jew ntr-'Ir, I v - .

ar I t, C ) rp! c f1 r; i eri,!-;, t he- t il.11t I . i a'. fo

or' the Aa exucrtedJ arp)xwiately three Wo an-"a2 mii; -dowrv-,t

fromi t he i,--,T Within the (imane san aol ujr. 'o iiayP, 01:-

dwellinqc5, and taeveral. othttr hi1 c

A1 rev ie of avai !able diata did not di i I-i' t h it -. 'OdTr'

stibilaty analyses of" thli; a lam wors por Wi Ira . P1: ;cn d Ua

doefic i nyc and shoulci be rect if ied. Rece(nt 111l i o n:; to) the dlirt

it was repnrtedl that in 1 97h~ the dam wa:; rai -d .VI-poA mat; 4

feet) have affected the stroutual stab i I y o:f- the, oarnhnkmwent.

Reportedly, the mna, tr i a :- a uSQe to ra ir5)' t fil m 1. ne1 i at ed of e-irth

(Clay) and tifIf qravel. Tt wat: not featrf1 e it t h- t imo of' the

inspcct ion to deti-;mine the exta-nt to whic! o!' , the no rjt

was used; however, juidg i ng by t ho appc.- ranc# of tl '; spo.;Pd

materils at the top of the- damn, it i - bhli evod that there j '-

prerom i na ncr off the tiffT ira vol. t w:- cal:; et t tha-t thie

mate rijul .er ha~i.,d by truck and tiiiptU in p -tco ied there wc: n'

effort male to rwgu late coinpaction. Peirt h-r it WasL oh.;erved durp n

the visaml inspect ioii, tha t, tile -jowne; t r ear ) of th. ip rar t

of the, dam i~s exefloal teep (lv o:1 1. Il) o- in. III

Ii kel.ilicxyA 1i .3 r u1t ()F mater j'l h-i'' n,4 i' -I fth' top of 1 :

dam and a1.lowe-d t,) apilIl ' t he s ideo '1 r. it-' h"' ILI;,, I J

factuo thpre in cori for tho rntnretwal ;- dii t Ly o f the r, pr

part of the dam, and UPso for thp capAli Iit.'A ip s'trui~trr-, in

the areas wehere t ho 5.t,ton cn; :- te pr iflir Iiv-y tIff (I I:iveI to



prevent excessive leakage durinq periods of nigher than normal lake

levels, which could result in erosion of the downstream face of the

dam.

It is recommended that the Owner take the necessary action in

the near future to correct or control the deficiencies and safety

defects reported herein. It is advised that priority be given to

performing the investigations necessary to determine the extent of

all embankment materials and, utilizing this data, perform seepage ]

and stability analyses for appropriate loading condition-,, in'l idln

earthquake loads.

Albert B. Becker, Jr.

P.E. Missouri E-9168

Karl L. Freese

P.E. Missouri E-16182
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PAEI INF I F CN 'ol

NAt tONAl. DJAM ~-A'ETlY Pk9 PAM

('(i 1L AKE~ DAM - If) 'P). 3(t1 10

31. Au thot i t'. Nit .,im 0 [Dam 1flitit i A f, , uhi i- jr~ ,aw 92- 367,

loat.'1 B Autisot 197'

1). Pur.'o e of <o'ct;n Tfle purnwe-eof t i, vi,;-ial

I ~-e ti ~wa- thi makI~e '1' of:T51hIi t- h' f' coriit iOn of the

d.111 Wi ~tl,! p tI tandeyot, Kv-' u'6 h dn~ (It ani I tii

inospect ion, 'Ic ter s eik it the dimn porsna hi,'x,jrli to huiian l ife or

Eval tit ion iite r ia. This evol,!Ation wd.; -t)orformed in

icco rIa nc o w itLh t h, 11 ia c c I" i n v(- s t iq (at i c)n pr ro i r f:!,n pr r (-ie- d

n PRecomnende-d Gui it 3 inei; for Safety n';oc t ion of flam 7," Appemniix

D to "Report (-f thre Cipf nf Eng~i flerf- on th'' Nat i (ifl P -)ro rim of

1 .2 I)1-':1 1 PP JON OFP 1' 110.

F-:c nt~x i._in )t [ari-t iril A A juitenanc . 1' T nt "t< fl i -

.1n e"Irthf ii tvoo oWmt nk.went 1iin 6 foo! 00' h "hi

:1 in: f:1 The emnil k 'tient ha!o an upo ;treaTj ci ene alo the

witerlin<) of lv cn ) .7h, o crest width .)I tl mt 12 faend an

rreqctld r 'lowin tremm ii'ethat varies from 1v on 1 .3h at t-he top to

V onil 7 it ti-F* bc-qrom The isni th of the tIam, inclliinq the

r-pti iway sCtl toflc , 13 jpproximately 1 ,61)5 feet. A plan and p~ro-flec

of the dam are s;hown on :2lat- 4 and a cro!:-- aoe:t- ion of the dam is



shown on Plate 5. At normal pool elevat ion tho tf.ervior impounled

bv the dam occup jer; apprix imately 49 1)~ ;

i'epri ncipal -.pi llway, a breai--c r e'; tc., i rap1),, )i d a ;ct. in

loca ted at the south )r left abultment. A conrolt' :-,ill -,ect inn,

approximately 94 fecet loreij, 3-rveai to ima'i itiu it, ov(' f '(-w c!

A paved concre te oht-e, aicp)rox irma to : - o. 1', 1 and- I fe-t wl'1.,

lie- imnwed iatoly downstrieam of the low )v ino Wi r. 1 -Th

sp ii]way outle~t channel, anl Unimproved r. ahOI~ i'

the- Ch Ute and oroceed(l S own t r ai for a hon P-0M I hfc . t ho

bank.a become? non-toxi!- tont and the channre -; :- OIVI3 1-f i ned.

outlet channel appears to join the2 ciown~t'ea chirnne I, T'iff CreeK--.

about 600 feet below the spillway crest. ,, profilii'-if the upper

!u ctie n of the spillway outlht channel is sr~non Plit 5.

An emenrqency npi liway, a broad-creste-l nppinvxi,'nat-l y V-Fhaped

ra,,_tion, is located at the north or r i'ht -Ibht -me nt . Tho outlet

(:harinel f r this spi 11wa'1 iS. al-'0 an imp r;cl rJ p- to fo)IlrOW a

ccurse th-3t is oaral let to the toe of the dlam tinti I it joi ns, the

downstreamr channel., at a location about 200 *feet below the dam.

5. L~ca t io()n . V'hv (,in ir located onl Tifft Cre: , a t r i utary )f

PIq River, about 30nl fea.t east of County Ro-ad Ea-nd approximate-ly 8

milos north of Bonnie Tert e, Mi solir i, af; ;f)hown r f:he R-q i o)na I

ViciniLry Vap, Pl ate 1. Thn- dam ini lorutoel it s(to t) ln1., Tcowni:- isj

38 No)rth, Range 4 East, 7-?ffer!non County.

C,. aa Clasii on. Tho ~iz,-, ici h,:;itlI on !.t;e1e h-

heoiq ht o f theI Ja a n r s t-,t -i ca pa(.i t y , i '.' 1a 1~' on al

(r I'a hl 1,I, R(:c omrend - I Gi i d 1i n c f,)r t~ et~ ci on of l am q

dI. L z j rd Cl 1, r- s ac:t. j )n. The ('elt e -kla'r, corli nq to the

. out. lh stric:, Co)rps 'it nines ha- a hih hazani potenti aIl,

muaninq that if: tho dam r-Ijould fail, the-re ma, ho i'mn life,

serious dainage to hoires, extensive aqricilt[ur il, indu3strial and

commerciujl faci litijes, important public iftj Wr- 1i ,Main hiejhwavn,!, or

1 -2



di Iroad:;. Acc o [I n t the St. Louji 3 )1 ,t.r i,:, Coip. of En i ne'r.,

the e:,tim, tfd damage zone from failure the dam xt,,nd:; apprximat,-ly

three and one-half miles downstream from the dam. Within the damaqe

zone are County Road E, three dwellings, and :;.veraI other buildings.

e. Ownership. The lake and dan are owned by the Cole Lake

Property Owners A:;sociation, Incorporated. Mr. Burford Shy is

currently the Chairm-n o1 the Boar-I of the Acuociation. The

Association's address is: Route 2, Box 232, DeSoto, Missouri -

63020.

f. Puroo.se of. Dam. The dam impounds; water for recreational use

by property owners: who are members of the a:.ociat on.

q. Digjn an,, Construction Iii story. At Mr. iurf, I

Shy, the dam was constru,2ted in 1147 by hi-; tr, Paul N. S !, a

contractor exper ienc,-d in th, cons trrrct we* LM:_ t

Accordinq to information shown on the Cole!- La., i' SIbdlivision PIoI,

dated December 9, 1948, s.ee Plate 2, the orilinal ,,wners of the

property upon which the dam and lake are foundOed, were John Col(, and

his wife, Bernice Cole, and Paul. N. Shy, the builder of the dam.

The present Owners, the Cole Lake Property Owne rs As:ociation, ITnc.,

acquired control of the dam, lake, and other common ground within

the subdivision in 1974. According to Mr. Shy, the, dam was

constructed without the benefit of formal engineering design data or

plans.

Mr. Shy also reported that in 1976, .everal improvements were

made to the dam by the property owner's ass ociation. These

improvements consisted o:i. raising the dam approximately 4 feet,

widening the prinipal spi'lway, raising the rret-.t of the emerg,,ncy

spillway, re.movinq trees from the upstream ani downstream faces )f

the dam, and instil1ling riprap across a portion of the upstream face

of the dam.

h. Normal Qperational Procedure. The lIk, ',.el i.- unreqjulitfed.

1-3



.1 PERTTrrFwNT !)ATA

esseflt i alII u Ufl(v-'0) 'l, p. I I .) I n pf l - t i-(? 'q 1 1 t he r' j rlr I i

a nattive stit cc--rel with t 'nhwr. '), 11- 1 1 tit t r fh k

lw-'tn su d I d vd I a!. i I ,, r In. U' h, ml, n, I t tho 1 j

htVIi I K Lke 'The wa i or !e; ho, I 5- t K 'Lij, -3m ,in tr;. to

apcminat1 77 '- wtn~~ ir -t 1 : oiitl ine- on Plate 3.

E: >t i iIr,,u -1~ knOWn TiX Iminln flroj at 1~~ejt 70j -1s*

(W.. I F'V. 82.

11 i'Vd vo 1ui ,~ v-, I () r II ifk i 64 0 1" f .. V

I, I3 I thfe pr I IW~ 1 i ')l 1 -3 ' wa '''ro'', I ;vi i.- I. tV ~
a 2 3 9 the ;'a-, I:- f p t i I ;,Ip I 'r; h.: i 1 , 1 'n ol 'K - kI-V 3 1

niu r f wo' -hr_)nn c n 1m 111, %It ,!i I i I n 1%,1 uu1,

mino t ;o r sn.

(1' I r'l I wnn r, _26. (i.n.

() ,* ,- a ntoil i' If !;irIt .. 79 2+

() M I,:-;i,ti!I I i I wate,2r .. . Unk ivwn

J. Ro er v Ii)

;i-nmU t n-rtnal -~ (n-l'-'ition 0123.0) . .. 2,500 ft .

~2) .tnlit h .1 ,inixiinu po'] ("twL t ion 8 2 6. 4) . . . 2, 700 ft.

I) f TT 1 T" '1 . 47fi ;ir- . t

:.": m~r'ninta) .. ' i f ft

J1w . I r j



f. Reservoir.

(I) Top ot JPn ... 2 acre:;

(2) Normal pool . .. 49 acres

f. Dam.

(1) Typ, . .. Earthfi 11 , homvoqe ur' n U;*

(2) Lenqth ... 1,695 ft.

(3) Hriqht ... 36 ft.

(4) Top width ... 12 ft.

(s) Side slopes

a. Upsti eam ... 1v on 1-7h ; ;o', watorline)

b. Down;t. ream ... Ir rem i l;er, Iv w 1.3h to 1v o 5.7h

(6) Cutoff ... Clay cove*

(7) Slope prntection

a. Upstream . . . Riprap (part Ia1) , ti f qravel

b. Down;t ream ... We !s aind bru.h

h. Principal Spilwalr.

(1) Type ... Uncontrolled, concrete sill, trapezoidal

section

(2) Location ... Left abutment

(3) Lenqth ... 94 ft.

(4) Crest ... Elevation 823.0

(5) Approach channel ... Lake

(6) Excit chaonel ... Earth cut, trapezoidal section

i. Em r__ _apjwy.

(1) Type ... Uncontrol1(d, earth, V-soction

(2, Location ... Right abutment

(31 Crest ... Ele vation 82').1

(4) Approach cha n,, ... La k

(51 '-x t channel ... 11nimprovs,.

-I. 0a!(e Orawdown _'acility. Non"

*Ppr ,i repreftnativ- of h f Ownor

I -'



SET'I ON 2 - tr'J, INEL IN' I)ATA

ID: 1 C, IN

No enq:ineerin1 cl~t-a~ t-lating to th -f the darn )rf knojwn

to r-XIlt..

2 .2 CONS;TRU'TI ON

The f ol Low inq i nf (Irmat io)n wa s obt i i ned( f r om M r. Ru r frd Shy,

present. CThai rman of the Board for the 1 ike- prope rty owners'

a nSit C' I io 1. Mi. 3hy worked for his hrothei, 11aul, dIninq the

per iod (1l947.) when the Cole Lake Daim wac- be-inql constructed:

"The dam was: co)nstructed with clay oht al n-d from the area to be

occupieI by the- lake. Two bulldozer.; .- ni three tractor irawn

sc'apers were LlseI to move and plICe# the' f 1l mater jal for the

dam. A co)re, tr-enc-h, to an estimalted max imuim diepth of about 1 1)

feet, w-is -xcavat',I to) rock alonq the cfretrline of the dam and

hackf i led -with c av. ayers of qriv, I. wfere enIcountered at. the

-t ream i ne while -xcavat inq the corie trenc-h. Compact ion of the

f il anrl hackf ill was - achieved,- by runii th- earth haul i ng

eqtipmnt ove2r theo peovious 1 y pli(,-l fce t i s No com p et i on

t ests were mad- or reco rimi kept of t he (!-m -onat'-tc ti on work.

Mr . Shy al -.tated that tpr inq!- we~. n 'voumfteroel du ri

Cns t ruction of the dam 'At the app roxima -. ora t. ions that mcl'l

was.- obse rved dur in,3 the, inspect ion.

2. 1 OPERArTON

The lake level is Uncontrolled and qo'ejrned by the crest

edc/attron oft the pri ncipal spill way locatr-d at the left abutment.

Art orerqjency spill way, With a Cre.3t, ,lovat ion approximately 2. 1 feet

higher than th- *u-c;t of the principal -apill way andI about 1.3 feet
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lower thall tile top of the dArn at its 1Cwmie poi nL is located at the

right abutment. A repr- senta Live of the Owner , ropoi ted that tile

hi ghes t lake level 3 bsi- rved clicuOrr ed dmii g the q~p i nj of 1979 C the

(lain was~ raised in 1978) and , juld_,i rig by ih i gli witer mark, was-

est imated to be approximate ly 18 inchies above the normal pool

I eve I . It was also s;L-itted that the darn, p~r-i~jr to be inmg r.aised had

not been overtopped.

2.4 EVALUATION

Aval[abi I itX. Engi iuering data for asi se si ig the des ign of Che

da-m uni spililwayS W,!le thaVai table.

i. d Aeq a-u . No da ta a vailabl e . S, I g, 11 a 1) Lta I i r.V

analy;,!,s cokpa rab le to thle req ui r erneits H -e 'Recomm~e n ded

C'Ui le i nes [or 6,afetv' w(-i-e not availablo, w).h i coflH id, red a

do f i c ice Licy . Tb- so imo~gie and ,;t ab ;I I ty xia: y, (, -; flioi I id he

per f ormed E.inr- a pp ro.pr I a te reaod i jig corid it is u l Lid 1. nig oa r thql udko

loads) and made a rnttor of record.

2-2



SETIOt1N 3 - VIS;UAT rN:; P1'p I (A

3.1 FINDINGS

a. General A visu-il inspection of tho "ole Lake Darr was mide

by Huc.rner & Shifr in onginfeer ing per.-onnel, 1. K. Decien!s, Geological

Fngineer, K.L. Freeso, Civil Engineer and lydroloqist, and A.B.

Becker, Jr., Civil and Soils Engineer, on 19 July 1979. An

examination ot: tho dam site was also made by an englineering

geologist, Jerry U. Higgins, a conrsultant ret-tined by Horner &

Shifrin for the purpo'se of assess3ing the area greology. Also

examined at the time of the inspection, was,- the aIrea below the dam

within the potential flood damage zone . Photogriplhs of7 thre dam,

take%~ at the time of the inspection are L!-, 1 Udecl on Paqez: A-I

through A-6 of Aprieniix A. The location of an]i direction in which

the inspectionr photoqraphs werfe taken is p1 iciated )r, Plate 4.

b.Area Geology . The da-m site is located on the northern flank

of the Ozark Uplift con noarly flat-lying Cambrian -age sedimentary

r oc k. The uni form be-irock structure is i storsoctvrI by the

r)rthwest-southeast trending Vallesi Mine-Vi ne] and Fault which paisses

through the area approximately 3 miles north of the (lam site. In

the general. area the Cambrian age Potosi formation is exposed at the

surface. The Potosi formation is a massive, thickly-bedded,

medium-to-fine-grained dolomite with abundant quartz druse and

chert. The hilltops in the area are reported to be capped by cherty

dolomite of the Eminiencei formations.

The dcm and reservo.ir are founded on gently sloping Potos)!i

res iduum. The residuum, derived from insitu weathering, is a

blocky, red clay with abundant quartz druse and chort. There has

been no severe erosion of residuum around the lake, al though erosion

has occurred in the emergency spillway outlet channel. Both

abutment- are composed of gently sloping Plotosi residuum with

bedrock exposures limited to the spillway at the left abutment. The

,inutment slope.; appear stable with no severe e-rosion evident.



The Valles Min es-Vineland .'lau] t, wh ich iot-5 not cross the

dam iiite, is con:iidered to be an extension of t- i! t. Genevieve

Fault s'ystem and a part of the St. Geneviev(, Seoiamote-tonic R gion.

This Se.!smotectonic Region has been the center of :several

significant historic seismic events. An ,,vfnt of Modified Mercll i

Intensity of VII may occur in this region based upon the postulated

recurrence of historic earthquake events. Loaf-ed upon the site

qeology and distance frorm the fault system, the most likely seismic

hazard would be the result of induced ground motion rather than

ground failure by faulting.

c. Dam. The visible portions of the upstream and downstream

faces of the dam (see Photos 1 and 2) appeaed to be in sound (no

cracks or slides were noticed) condition, although the upper areas

of the embankment slopes are exceptionally hteep. Th< material

exposed at the dam crest and upstream facc, of t-he dam, except f.-r

riprapped areas and spotty patches of wec'5, con-isted of tiff

gravel, a small stone thlat ranges in size u:) to arxooit 3/4 of a-

inch. The riprap, a stone about 4 inches across .n size, covered

approxin ately 60 percent- of the upstream face of the dam (see Phot,

12) and ,oxtended from below the waterline to near the top of the

dam. Oniv a sparse growth of weeds (see Photo 7) existed on the

upper areas of the downst.-eam face of the dam, whi le the lower areas

were kleni-ely covered wiT ih weels and brush. Lellod tre, s were also

present at several locations along the downstream toe of the darn. A

ridge approximat(,ly 2 feet high was observed in tihe lake, about I

foot below the surface, paralleling the dam at a location

approximately 8 feet from the face of the dam. The ridge extended

from a point beginning near the principal spillway for a distance of

approximately 500 feet. The reason for the ridge was not apparent.

At a location near the center of the dam and a point about

20 feet helow the crest, seepage estimated to be flowinq at a rate

of about 1 gpm, was observed emerging from the face (see Photo 8) of

the dam. Seepage was also noticed emerging from the base of the dam

(see Photo 9) at a location approximately 150 feet from the right

abutment. The exact location of the point of exit for this seepage
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could not be determined. However, the flow was estimated to be

about 2 qpm. The area adjacent to and paralleling the right sid, of

the dam (see Photo 10) was soft with seepaqr- flowirnq in a shallow

erosion channel just below the toe of the slope. There was also

evidence of surface erosion, a gully was cut tip to 12 inches in

depth, that appeared to be due to storm water runoff, through thi:;

same area.

The subgrade at the downstream side of the 4-inch thick

concrete sill at the principal spillway was found to be partially

eroded (see Photo 4) across half of the section. Undercutting of

the sill extended to a depth of up to one foot in ceveral

locations. Due to lack of support, several ;ections of sill slab

were broken, leaving the downstream side in a raqqed condition. The

subgrade at the downstream end of the paved chute (see Photo 5) that

lies below the spillway sill was also erode d across almost the

entire section. Undercutting of the paved sirface, a free-formed

section, extended to a depth of up to 2.5 feet with over 12 i nch, s

of subgrade material misoing. Some seepage, cz. timated to be on the

order of I gpm, was observed flowing from the exposed subgrade at

the end of the chute. A three-strand barbed-wire type fence,

located adjacent to the downstream side of the spi'iway sill was

found to extend across the entire spillway. The spillway outlet

channel below the chute, although unimproved, (see Photo 6) was

found to be in fair condition with few obstruction:; and only minor

erosion of the section. However, beginning at a point approximately

100 feet below the spillway crest, the channel was found to be

overgrown with small trees and brush. The channel, through the low

lying area below the dam and east of County Road E, was found to be

densly covered with brush, cattails, trees, and other vegetation.

The crest of the emergency spillway (see Photo 11) was found to

be in sound condition, although some minor surface erosion due to

storm water runoff was noticed. The crest as well as the upstream

and downstream faces of the spillway channel, with the exception of

some weed growth, had no protective covering to prevent erosion.
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The cat let channel for thir, spi Ilway wa:; 1;., fo ind t: ) Lack

protective covering, with frosion up to 12 inche - in several pla-:;,

ha-,ing occurre,) throu.qh the drai nlqp- _ -e,

Althouqh no animal burrowF werP no c ic.d at the time of th

inspection, it was reported that (iuting the pr.evious year (1973,

approximAtely 105 muskrats were taken fr,-in darn area.

d. Downstream Channel. The channel Iownstream of the daml, Tiff

Creek, is unimproved and extends for approximately 4 miles before

joining the Big River.

At a distance of about 100 ffet below the da., a 1.2-foot

wide by 7-foot high concrete box culvert l lows stream flow to ccocs

County Road E. At the time of the inspe-:tion, flow in the cuLv-rt

was estimated to be about 4 to 5 gpip, ',),onrX rat1v the same

quantity of flow observed, and believed to -,- frep orion the L.ike.

. es-e rvoi r. Nam-,e-ous homes aod ,th#,r ' dit .; arf prerqei,*

in the area adjacent to the lake. The :Is .' rs 1r 1s

covered an tree lined a-d ap, eare1 to be ' -amntain,:d, The very

uistream end of the lake is crosoed ny i c r , d where a

concrete box culvert 1l icWoS flow to a; b)n 'cth -he road. The

amount of sediment within the lake could i.ut r de.rinined at the

time of the inspect-ion. However, a repie e rtative ,f the Owner

reported that when conotructed, the lake at- it- deepest point was

about 55 feet deep, hut .,rw is believed to bo ly 45 feet dep .!t

its deepest location.

3.2 EVALUATION

With the exception of the steep upstream ard downstream slopes

that exist near the top of them, the deficiencies observed during

this inspection and noted herein, are not conv;idered significant to

wararant immediate remedial action.
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:U t 4 (frl:I<A'l P!**'

4. 11' V )!D'.YR:;

IThe l~'3~tn:olrl ~1 ''e t '3 .~ urfIc'- level i:-

)over 'tJ by p t:-1tLi.I/ tn vap..)r tofl enc , a nd I~he

C Il),1C tv C", the )nrK~~ pr im-'31~a ll~ m2qr~ ;)i0 Fillw'yn.

4 .2 MAI NTIENANCE ol. DNM

A s ~:iOU ml vt v t i irnpraoecrnts-- [;';e rcntl y 9'S) h'j' n

made t-) the dam ni t) i I .w:.,y r A' c' to rpre e t1'E o th,-

Owner, with1 the ex. ''t i mn ot tie : ri .r ap p'.1':f1 cmnh w')pstrear fac'.

of the dlam, tb~ impcrtvealtits S r'ootii1 iw!vjrh d- t--!

ex tensive j rcwtl: ofIw~ n hrut'tI, t n 't (":-' (" th dnCbeam ard

elsewhe re .:73 weLl if- the l a-ck ofa - I 'tC a plant oO'n'g r to rec)

erosion, i.t w--ul'i oln (,, 1m1at are' -)( in n-,,] -,-)l'(' ad~tt1)fl1

maintenjance. Furthr , it- alsga apoa t. thit -]( ' t-.)n't' if'. t'

prrevent. r)tr!'' '' rW1 1-1 "lto t ' w .. jh C~)) trtitq

'jL airnaqe of the io lnc; area:;, whs'-re the' w it:(Qr :tcmiie l

the m'of Lie' Iin.

4. 3 PmT:T'ENANCE' OFt OULAET OPEP.AT ING1 FACILIIES

No o)Ut l.t oporait inq faciIi tie.3 exist at. thini damn.

4.4 DE:C"mIPTIIjN OF .,NY WI\RNING SYSTERS 1N FFFECT

The i n specrJs,-t Jj ri -t reveal the oxi st-ece of a dam warni ng

sys temn.

4 -1



E!L :i~y .1 he d '110 t I Q onirw-,nIdld [ ha t r.i-ii n to !-in( t~ i

dill ain d p wa 111 1 1-t 31K< l Oil a1 bdS a ; d Li', I d~r.
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SECYTION 5 - YDROI (, IYl)RAII,

).I EVALUATION OF FEATI;RKS

a. Design Data. Design data are not avaiia.)e.

b. Experience Data. The drainage ar,-a and lake surface area

were developed from the USGS Vineland, Missouri, Quadrangle Map.

The proportions and dimensions of the sp ilways and dam were

developed from surveys made during th- inspection.

c. Visual Observations.

(1) The principal spillway crest consists of a 94-foot long

concrete sill of variable width. A concrete chulti lays inmnediately

below the south half of the spillway sill . T sl juh-iadc for the

north half of the vill as well as the Sbgra'(- the downsr..am end

of the chute, are ext.nsively eroded with both sec L.;ns undercut. A

three strand barbed-wire fence, supportt.d by netal posts embedded in

the si!l, crosses the spillway opening.

(2) The p- incipal spillway is ocated within the embankment

near the left (south) abutment.

(3) Below the spillway sill and concrete chute, the outlet

channel consists of a trapezoidal-shaped section approximately 8

feet wide and 3 to 4 feet deep, that crnti ous or about 100 teet

before joining a draw of the original drainage pattern. The draw

follows a course away irom the downstream fice of the dam. The

jagged surface of the Potosi formation is exposed in the invert of

the upper reach of the channel. The lower portion of the reach is

congested with small trees and brush.

(4) The down.,tream face near Lhe top of the dam is

exceptionally (Iv on 1.3h) steep. The upstream face above the

waterline is a]so steor. Judging by tho type of material exposid to

vi.ew, this upper portion consists primariy of tiff gravel. In

addit ion, this portion of the embankmeot does n)t have perennial

type plant cover te prevent erosion by sttm water runoff. The
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lower Portions of tht m, o,-,nkment. jpr-ar i -,n:. .;t of natiwve . ,il, a

red, gravelly .Iay.

(5) The !- i Ir e &'[ p way . : I , f i clh i low,

di:iI:-shaped deprer..,icn t.hru,)ujh the dau . r th,' r i ht (o,,rt:h

aIbutm tnt. Phe :pi I Iw,:i .; ?h. ar r,.; i rt, il tt ir l .1: w that. ,

water away from tne i om by fol in i i , :2r ., t.. it r')u(hly pi r;, le

thte 'a )f tht. ,1

(6) No u -twdown f.c i iti s are ,t.-, i I-ihIl to dowat,-r , h(

1 a k e

d. Ovrt oi rj Ptf-n t ia. Elevation 126.4 was found to he

lowest point in the dam crest. The spillway:; (principal and

emergency) are inadequat1e to pa;:; tho pr,)babl maximum flood or the

1/2 probable maximum flood without overtoppinq the djm. They are

adequate, h,)wever, to pas:; the ' percent chance (100-year frequency)

flood without overtoppinl the dam. Th- result-s of a Aam overtopping

analysis are ar. follows:

Maximum Duration of

Dep1th _of._ Flow Overtoing

Q-P.k Max. tke Ovrer Dam (Ft.) Of Dam

Ratio oF PMF Outt luJw (cfE;) W..Elm'. (EIev. 826.4) (flours)

0.27 1, 78:3 826.4 0.0 0.0

0.50 4,6G8 827. i.1 1.6

1.00 11,043 828.3 1.9 1.0

]00-Yr. Flood 1,06, 825.6 0.0 0.0

The flow safel.y piassin, the spillways just prior to overtopping,

was determined to be 1,780 cfs, which amounts to approximately 27

percent of the probable maximum flood inflow. This outflow is

greater than the outfl,)w far the I percent chance (100-year

tre(lul*,cy) fl(ooi. During peak flow of the probable maximum flood,

the greatest depth of flow over the dam would be approximately 1.9

feet and th, overflow will extend for about the entire length of the

dain crest.
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e. Eval liit ion-. Based on the e!ros i o thAt 'i;OCCUrred at the~

pri necipal. sp i I lwaty (t hc. concrete- si 1I and] -huts- i ro extens i v,, ly

underC-Ut) It I Sefvident that the embankment water in I , a gray ii ly red

Clay, can under (1'r t.in ci rcums ta rice s, -tuch ai!; ! a r.-e, :..I i I1waly

reloases!- wi th accomp-a ay inqi hi gh vel ocit i-;he c vry erodihlo. AlI

du r in- f lood coni i L icnr when f low over th- di11 -KClIr i, it is~

expected that rapid erosion of the 'inpruLoted- !: t e p dlownrs t r- r?

slopes that ar* j' e at least i rn p-t t Ik 1- ;i(gravel, will3

occur . Therel oL , t o,- fk FLood inq culdi t ion;- thit res11It ' 1) f ihiw

over thi tor) oi th Io G fFii I tire oi thi'd irl

f. Rcferience'- . P, ocodures and ci t i 'r d itninq I-;)(

prohahie PldihiMLi tlo00-, the I G0-year1 10e.itu i, and th.1

di.-.ch~rqer iati nqi c.Urve !_(J f low pai!s, inq tin- -;pi >'way:; and thi. 'lam

crest arK2 pruesentcd oi Plages B1- and B3-2 if t-he Anp(--llix. A lis-tirg

of the HE!C-1 MDain Safety Version) input dtl ia for routing the

probable, maximum F 3 l -and the 1. percent c-hmic' Li 00-yea r ft-q'uencv)

flood is shown on Payes B-3 and B3-4 of thc Appendix. A copy of the

COMPuter Outpn t. tzcbhte ent it 1 ed "Summary of [Dam Safety Ana lys is" i:;

presented en Paqe T3--r and the- i nflow ani out flow hydroqraphm for the

probable maximum ! lood are shown on Page 1B-6 of the Appendix.

Area-storacie carves fo,-r the reservoi r are priesent-d cn Plate 6 and]

the sp ii iway Ii:;ch irge rating curves are shown on Pl ate 7.
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6 ,'TM!l'T:WA!

6. 1 EVPALOATI' 10' F STIi'-Ji AL (STPB[[,N

3. l~ ')e't o; Anienn il,(''rju h in~pe(--ji

con., .~M I r e'1 to ' ot -1 -3a-n i i ar ~ip) t ,t t-- the per f orwnc e ) f

the (!an, ;' Oie x!ii n.1l teep Ili- tit exist (,n tho

upstr-arr .inI -)j ~mIc':si t hi' T'n~yet. he i na7pectwion

.ld; o'l ki,,*M '' i rl e ia i iiI i it- i,'fl of tiff qrave l ind

c Iay . Ot Ler -t-er., sT)I d dur i ruq t I to ;u; p-s: ion iim seepaqj ,

lack of pforen'iiai plan' -:tv- in cettal~ :ak sauiect to erosiori hy

u? fl~5.1 i n-!! -lrc e Ti~i l )ay t l 0fl ii'! - k't111 Hai cb o u' te

ri.: . a ~I -in Sect. r o 3, t i lcioph . 11 .

h . l~~i~ iul 7cxi~ ri~ton I~ia. No: c-,au ', pitiori data rl- .iti

to thfc r uc-: -:e!rd i2 ta Iv of the Oamn ar- kni<O'' t- ex St. 31. p)q

anli 1t~ i t." anal-.:;Os comrparable to, t he rl'tjUi reme 1 'itS Of thQ

"I(eX-onuinded Guide Ii nes Cor Safety 1nspect i or of Dams" were not

-iva i latll e, whi.ch i:-a cons idi-reo a def i c .ency . '1h- e ~E~paqo aii

stantu;1,ty ana I yses shou 'd be per formed for appr upr iat., load i nq

cavi it ;n:;( tc lad i -nq -ar':tliake loa)'d a) 11i0 m.-i~l a in ttor of

c. OU~rat~n2 Reords.No aippurtenant struct-ires r ai ite

r qi i n,4 ope rat innl eyi! t at this darm. Accorli n to 11 re-presenta-

t ivo of the Owner , no records are keut -)f tho 1 ak.' level, spill way

,lrscharle, damnstleet or seepaqc.

I.Post (?onstriction_.Chatne Based on infoinmat ion provided by

a reprr'sent'it iv t f the Owner, it if be-lt ev-l that the re hajre ben

s.'c1 sanqfes to the d am sinrce completion a f' c1)5% 1rui-tion in 1947

that could have an affect cn tHe t utu stabil1i ty of the clan-.

Thcif-' allre', i of which were teport,-l to hn''e( lees implemented

n 111781, i ri'lide 'i iii te !~iam ~ '~i i'J f-ot, er' in'
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h-~ widith c f the pr inc~ipal spiilway o.-pent rinti Crowr a,:.)ut 47 feet to

approxim, tf'ly 94 feet, o'nd raisinqJ the ;:r-ot of the iemerqency

spi 1 Iwa'y appr-)xi:l~ltely I foo~t.

p . SeC1i mc !t, h Iit '.~ . Fo- on e f-ik (il.t r ear s ope in

the uppez rei ofl ! of tho c!ix.1 th.' lack- ,i i ty Illalyser' ars well

as knowi I dqt of -Rd LPeI i a 1 ISed in 6i met , x I rple I !. r ai s" the

(jam, a al;otr 0 to tli' -u effOct ofin -,, 'a onl~ st hi3 d.sjirn --.Tlno'

be made at thlis time. RHc,vu.r, a fco~ F jl i ; relatively clcor;e

(approximately 3 mi 1,L-) to tho a~ r tir:- ': ; of t iff I'.(~ I

IfCr dam ct Uc Ct I ') I)' 1 :;i i "I ' f 2 V cl.I 'I atk the.

dsmsite cou 1. caWuse th 1. - at ye vcy t us Vi i :-I to beccr-

unt able , resutin I !-,l ' sope f -i ilirc htte t .-p ) t hf diAnr

6-2



SECTION 7 - ASSESSMENT/REMEDIAL M.lSURES

7.1 DAM ASSESSMENT

a. Safet'/. A hydraoli analysis indri,-ates tle spiIlways

(principal plus emergency) are capabl(, -f passing lake outfow of

about 1,780 cfs without the level of the lake exceediny tYh: low

point in the top of the dam. A hydrologic analy3i- of the lake

watershed area, as di.scussed in Section 5, paragraph 5.1d, indicate..

that for storm runoff of probable maximum flood magnitude, the lake

outflow would be on the order of 11,043 cfs, and that for the 1

percent chance (100-year frequency) flood, the lake outflow would be

about 1,065 cfs.

Several items were noticed during the inspection that could

adversely affect the safety of the dam. These items include the

exceptionally steep slopes that exist at the upstream and

particularly the downstream faces of the dam, seepage, lack of

perennial plant cover in areas subject to erosion by storm water

runoff and/or lake outflow, dense brush in certain areas that may

conceal animal burrows, and a barbed-wire type fence that traverse:-

the crest of the principal spillway.

Stability and seepage analyses of th ean were not available

for review and therefore no Judgment could be male with respect to

the structuraa stability of thr d-im. Due to the 1 ict that the upper

areas of the dam have slnpes that are unusua]ly f-,trep, it is

questionable if the stability of the embankment iq adequate for r1i

5;ervice condlitions.

b. Adequacy of Information. Due to lack of d,-siqn and

construction data, the assessments reported herein were based on

external conditions as determined during the vi:;ual inspection. The

assessment of the hydrology ot the watershed and capacities of the

spillways were based on a hydroloqic/hydraulic study as indicated in

Section 5. Seepaqe ind stability analyses comparable to the

requirements of the "Recommended Guidelines for Safety Inspection of
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Dams" were not available, which is considered a deficiency.

C. Urnjy. The items concerning the safety of the dam noted

in Paragraph 7. La and the remedial measure- recoumended in Paragraph

7.2 should be accomplished in the near future.

d. Necessity for Phase II. Based on tht, results of the Phase I

inspection, a Phase IT investigation isi not reuommended.

e. Seismic StabilLtv. Based on the : ieu-.p downstream slopes in

the upper regions of rile dam and the- I ack cf stabi I ity analyseo -s

wet L as knowledge of mv.terial s u:'ed and ,i , 1id:, einploved to :.ai7

the dam, a judgmeiil, as Lo the offect E i-i ,artiq uake on Chi; ,1., n

cannot be made at this Lime. However, 2 ,o... fait s

relatively close (approx-mately 3 mi 1,i to the--'ils Lte ,dO the ,;1e

of tiff gravel for ,lam ccnstruetion -.- o isr ioab e value.

(uIake at the damsite coEi,1 caus,_ the relatiVIy loose tiff gr ve i to

become unstable, resulcing in slope failure at tie top of the dam.

7.2 REMYDIAI. MEASURES

a. Recommerdat ions. The following actions are recommend-d:

1) BaSed upon criteria set forth in the recommended

guidelines, a:terati-ns to the design of the dam should be

made in order to pas.s lake outflow re si:ting from a sLorm

of probable m.'xinium flood magnitude.

(2) Obtain the necessary soil ;tita and perform dam

itability ani s.2epagp analyse:; in ordAer to determine the

stru'tti'al stabi litv of Ihe dain f, all operational

condit ons. . eeepage and stabiliLy analyse s should be

performed h' a qua Lifi ed pfofeso.sonal, engineer experienced

in the desi;n and construction of dams 'hat include the use

of tiff material for emraha.kn ni. fill.
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II

b. Operationa and Maintenance (0 t M) Procedures. The

following 0 & M Procedoioe:; ate recolrinhlnh-,:

() Rzuo ; the- tret-, as w.ll .h. fa Ilen trees an

brush, that may conceal animal b,,ormw , fro' the downstroam

face of the d-:n and the area adja:.ont to he iwnstrtam toe

of the slope. loht.ls from tree roots aii,l voids created by

burrowing animals provide a pathway for seepage that tan

lead to a piping (progressive internal ero;ion) condition

and potential failure of the dam. The existing turf cover

shuld be restored if destroyed or missing (much of tue

downstream Lace has no perennial type of plant cover).

Maintain the turf cover on the slopes at a height that will

not hinder inslpection o the slope or provide cover for

burrowing animals. The removal of tree.; Should be

performed tinder the guidance of ain engi.teer experienced in

the design znc construction of earth daias, since

indiscriminate clearing can jopa'dize the safety of the

dam.

(2) Providte .1ome means of pr,-ven! ing piping due to .,epa,'

at the downstream face of the! dam. A piping cond tioo can

result in fai lure of the dam.

(3) Drain the low lying areas adjacent to the tot. o the

dam in ordr to prevent -oft ground and conditions

detrimental to the stability of th. emhankment.

(4) Remove the trees and brush from the downstream area of

the principal spillway outlet channel in order to allow

flow to reach the downstream channel unrestricted.

Restricting flow in the spillway channel can result in

flooding of the area adjacent to the downstream toe of the

dam and conditions unfavorable to the stabil ity of the

embankment.

(5) Remove the barbed-wire type fence that traverses the

crest of the principal spillway and provides a barrier on

which lake carried debris could lodge, resulting in a
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restriction of the spillway op, ninig and unwarranted

flooding of the lake and possibly overtopping of the

embankme1nt .

(6) Restore the subgrade at the downstream ends, of the

concrete sill and paved chute at the principal spillway and

provide some means of preventing future erosion at these

locations. Loss of subgrade could result in settlement of

the sill (crest ) or instability of the dam at this

location, since loss of materials below the chute will

affect the stability of the section.

(7) The benefit of riprap to prevent erosion of the

upstream face of the dam in the case where the embankment

material consists of tiff gravel L's questionable. However,

if riprap is considered desireable, it is recommended that

selection of i-iprap be done by a qualified soils engiuteer

in order to insure proper gradation and L;e. Riprap 's

necessary to prevent eros ion of an earth embankment by wave

action.

(8) A detailed inspection of thc: dain should he instirlited

on a regumlar basis by an engineer eKperienced in the design

and construction of dams. It is ai o recommended, for

future reference, that records be kept if all inspections

made and remedial measures taken.

(9) Provide maintenance of atl are.as of the dain and

spillways on a regularly scheduled basis in order to insure

features of being in satisfactory operational condition.
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APPENDIX B

IIYDROLOGIC AND HYDRAULIC ANALYSES



HYDROLOGIC AND HYDRAULIC COMPUTATIONS

1. The HEC- Dam Safety Version (July 1978, Modified 26

Ft.brUary 1979) proqrair was used3 to develop inflow -Ind o-itflow

hydrographs and dam overLopping analyses, with hydroloqic inputs as

fol lows:

a. Probable maximuni precipitation (200 -q. mdl, 24-hour vdlue

equals 26.0 inche;) from Hydrometeorological Report. No. 33. The

precii-ftition Iata used in the analysis of tho I percent (100-year

flood) v 's providi\ b, tl!e St. Louis Pis;trict, Corps of Engneers.

h. Drai:nage area = 1.21 squace miles = 774 acres.

Laq time = 0.30 hours

Soi.1 Group C = 100 percent

;oil type CN - 75 (AMC I), 88 (AMC I I)

Lag Time = 0.60 Tc (SCS Method)

11q' 0.383
Time of (%ncentration (Tc) = (-2_].'.38

Where; -Pravel time of water from hydraulically most
c

,,istant poirt to point of interest, hours

L = Length of longest watercoucse, mils,?

H Elevation differpnze, feet.
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2. 'Ihe pr inc iii), I and (. me rgeic y spiTlw-i y SeLCtiOll: 0005 Sit

respect I yr 1), of b road- c cested , tr1apeZO it1;11 ;1111 V- sh dsec t i Ols

f or which convent Iona I wetir f ormu I ats do not a Ip1 >

Spi Ilw..y re lease ratce for theLSC settioos., W, re determlin-,

as follows:

a. Spilltway cres- section properties (a~rea;, a and Lop width, t)

were computed: for various depths,, dl

h ) It Was Zissumi d thlat fl1ow over the spill way crest would

occur at crit ical depth. Flow at cr1itical depth. Flow A

cr itical. depth was computed as (tc .(a 
3 g) 0.5 for the

various depth, d . Correspond ing vi-lociJties (v C) and

velocity heads (11 ) were determinied using convent ional
vc

formulas.

c . Static lake love is correspondlng, to0 t ~t- var ious va I oi;

passing over the spilliway were computed as ,rit icalI deptlu;

plots crit ical. velocity hecad (d'. -t !!C ) , and the

reltatitonsh ip )et ween Jake love] and spill wa'' diP;chlal rC .as

thus oh taitned . ihe procedure zimL cts OIL minor

insi~u .:.ut rict 1(10 los:aOS aos ta leluuth of thle

3. lW~ profile of t-T12 damn crest heVtween theW prficlipal spillwav and

teznergvnc', sp illway is, r regular zand flow ove r t he dam crest. cannot

b)C di term ined by convent i na1 we ir f nn 1as . Crc st leungt h and

vl1eva t i (' data for Lte danai crest. prope r wtr rent ered ito the IIEC- I

Porogram on the :',. anul the- $V cards. T[he p i u ranl computes Int erinally

the flow ove.r thle dam crest and adds this fl~ow to the f1lW Over the

principal :ind emergvey spill ways its ent ered on the Y4 and Y5 cards.
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